A nonequilibrium, axisymmetric, Navier-Stokes flow solver with coupled radiation has been developed for use in the design of thermal protection systems for vehicles where radiation effects are important. The present method has been compared with an existing flow and radiation solver and with the Project Fire II experimental data. Good agreement has been obtained over the entire Fire Ii trajectory with the experimentally determined values of the stagnation radiation intensity in the 0.2-6.2 eV range and with the total stagnation heating. The effects of a number of flow models are examined to determine which combination of physical models produces the best agreement with the experimental data. These models include radiation coupling, multitemperature thermal models, and finite rate chemistry. Finally, the computational efficiency of the present model is evaluated. The radiation properties model developed for this study is shown to offer significant computational savings compared to existing codes. 
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Nomenclature

C_
: mass fraction for species s e = total energy e, = vibrational energy h, = enthalpy of species s lw,,.
-surface intensity K,.
= first-order reaction rate at wall k = Boltzmann constant the flow behind the shock for Fire 11 near peak heating. It can be seen in the figure that the percent difference between the calculated emission coefficients is on the order of 2-3% or less. The radiation properties were generated at different spectral locations. Thus, some of the differences result from interpolating the emission coefficients onto an identical frequency distribution for the comparison. A similar result was obtained for the absorption coefficient.
Boundary Conditions
For this study, no-slip conditions are assumed. Thus, the velocity at the surface boundary is zero. The wall temperature is assumed to be constant, which is appropriate for the essentially "cold wall" of the Fire II experiment. Therefore,
where the subscripts s and w denote properties at the computational boundary and wall. For radiation, the wall is assumed to emit radiation as a blackbody at the specified wall temperature. The actual Fire II vehicle surface was nonblack.
However, because of the low surface temperature, inaccuracies in this assumption are assumed small. In the freestream, the radiation flux is neglected, i.e., precursor effects are ignored. For chemistry, the wall is assumed to be fully catalytic to the ions and noncatalytic to the neutral species. Therefore, for the ions, the mass flux at the wall is related to the rate of diffusion towards the surface as follows":
where rt denotes the direction normal to the surface. The reaction rate at the wall is given by (5) is set to zero. For the ions, the wall is assumed to be electrically uncharged.
Thus, any ion reaching the surface is neutralized." Therefore, the wall is considered fully catalytic to ions and y. .... = 1.
Results
The major objective of this study is to develop a coupled radiation solver for TPS design.
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,'"'"?_ Comparison of total stagnation heating down the Fire 11 tra-
The higher radiative flux for LAURA results mostly from two radiation mechanisms, atomic line and molecular N_.
The higher nonequilibrium
Tv_ profile increases the populations of the higher electronic states of N and O, which results in more atomic line radiation.
A secondary effect is molecular radiation from N_, which is a strong radiator. As shown in Fig. 3 This effect is illustrated in Fig. 7 . Figure 7 shows a comparison of the measured and predicted stagnation intensity in the 0. Comparison of convective heating down the Fire 11 trajecheating predicted by both methods. Some of the discrepancy can be attributed to differences in the diffusion models employed in GIANTS and LAURA. ltowcver, these differences are magnified by the fact that different catah'tic boundary conditions were used for both LAURA and GIANTS and that radiation coupling had only a small effect on the convective heating.
The largest differences occur at peak heating,
Nonequilibrium Modeling Effects
In the previous set of calculations a stagnation heating analysis was generated for the Fire II trajectory using a set of nonequilibrium models that included a two-temperature ther- 
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Computational Efficiency
One of the objectives of this study was to develop a tool for the prediction of radiating flowfields that is both accurate and numerically efficient.
At the start of this study, timing estimates of the LORAN code indicated that its performance wits poor on a vector machine.
Since calculating the radiative properties is a large fraction of the total computational cost, an error! was made to improve the computational efficiency of the radiation algorithm, which resulted in the NOVAR code. 
